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IMAGING APPARATUS AND IMAGING METHOD 

TECHNICAL FIELD 

0001. The present invention relates to a digital still cam 
era, a camera mounted in a mobile phone, a camera mounted 
in a personal digital assistant, or another imaging apparatus 
using an imaging element and provided with an optical 
system and an optical wavefront modulation element (phase 
plate), an imaging method, and an image conversion 
method. 

BACKGROUND ART 

0002. In recent years, rapid advances have been made in 
digitalization of information. This has led to remarkable 
efforts to meet with this in the imaging field. 
0003. In particular, as symbolized by the digital camera, 
in the imaging Surfaces, the conventional film is being taken 
over by use of Solid-state imaging elements such as CCDS 
(Charge Coupled Devices) or CMOS (Complementary 
Metal Oxide Semiconductor) sensors in most cases. 
0004 An imaging lens device using a CCD or CMOS 
sensor for the imaging element in this way optically captures 
the image of an object by the optical system and extracts the 
image as an electric signal by the imaging element. Other 
than a digital still camera, this is used in a video camera, a 
digital video unit, a personal computer, a mobile phone, a 
personal digital assistant (PDA), and so on. 
0005 FIG. 1 is a diagram schematically showing the 
configuration of a general imaging lens device and a state of 
light beams. 
0006. This imaging lens device 1 has an optical system 2 
and a CCD or CMOS sensor or other imaging element 3. 
0007. The optical system includes object side lenses 21 
and 22, a stop 23, and an imaging lens 24 sequentially 
arranged from the object side (OBJS) toward the imaging 
element 3 side. 

0008. In the imaging lens device 1, as shown in FIG. 1, 
the best focus Surface is made to match with the imaging 
element surface. 

0009 FIG. 2A to FIG. 2C show spot images on a light 
receiving Surface of the imaging element 3 of the imaging 
lens device 1. 

0010 Further, imaging devices using phase plates (wave 
front coding optical elements) to regularly disperse the light 
beams, using digital processing to restore the image, and 
thereby enabling capture of an image having a deep depth of 
field and so on have been proposed (see for example 
Non-patent Documents 1 and 2 and Patent Documents 1 to 
5). 
0011 Non-patent Document 1: “Wavefront Coding: 
jointly optimized optical and digital imaging systems. 
Edward R. Dowski, Jr., Robert H. Cormack, Scott D. 
Sarama. 

0012 Non-patent Document 2: “Wavefront Coding: A 
modern method of achieving high performance and/or low 
cost imaging systems”. Edward R. Dowski, Jr., Gregory E. 
Johnson. 

0013 Patent Document 1: U.S. Pat. No. 6,021,005 
0014) Patent Document 2: U.S. Pat. No. 6,642.504 
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0.015 Patent Document 3: U.S. Pat. No. 6,525,302 
0016 Patent Document 4: U.S. Pat. No. 6,069,738 
0017 Patent Document 5: Japanese Patent Publication 
(A) No. 2003-235794 

DISCLOSURE OF THE INVENTION 

Problem to be Solved by the Invention 
0018 All of the imaging apparatuses proposed in the 
documents explained above are predicated on a PSF (Point 
Spread-Function) being constant when inserting the above 
phase plate in the usual optical system. If the PSF changes, 
it is extremely difficult to realize an image having a deep 
depth of field by convolution using the Subsequent kernels. 
0019. Accordingly, even in the case of lenses with a 
single focal point, in the usual optical system changing in its 
spot image according to the object distance, a constant (not 
changing) PSF cannot be realized. In order to solve this, a 
high level of precision of the optical design of the lenses is 
required. The accompanying increase in costs causes a major 
problem in adoption of this. 
0020. In other words, in a general imaging apparatus, 
Suitable convolution processing is not possible. An optical 
design eliminating the astigmatism, coma aberration, Zoom 
chromatic aberration, and other aberration causing deviation 
of the spot image at the time of the “wide” mode and at the 
time of the “tele” mode is required. 
0021 However, optical design eliminating these aberra 
tions increases the difficulty of the optical design and 
induces problems such as an increase of the number of 
design processes, an increase of the costs, and an increase in 
size of the lenses. 

0022. Further, as explained above, even in the case of 
lenses having a single focal point, in the usual optical system 
changing in its spot image according to the object distance, 
a constant (not changing) PSF cannot be realized. To solve 
this problem, it is necessary to design the optical system so 
that the spot image does not change due to a change of the 
object distance before the phase plate is inserted. This 
demands more difficult, precise design and also exerts an 
effect upon the cost of the optical system. 
0023. Accordingly, the WFCO involves problems of the 
design difficulty and precision and involves a big problem in 
the picture-making required for application to a digital 
camera or camcorder etc., that is, a so-called “natural image' 
where the object desired to be captured is in focus, but the 
background is blurred cannot be realized. 
0024. A first object of the present invention is to provide 
an imaging apparatus able to simplify the optical system, 
enabling cost reduction, enabling lens design without regard 
as to the object distance and defocus range, and enabling 
image restoration by a high precision processing and a 
method of the same. 

0025. A second object of the present invention is to 
provide an imaging apparatus able to give a high definition 
image quality and in addition able to simplify the optical 
system, enabling cost reduction, enabling lens design with 
out regard as to the Zoom position or Zoom amount, and 
enabling image restoration by a high precision processing 
and a method of the same. 
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0026. A third object of the present invention is to provide 
an imaging apparatus, an imaging method, and an image 
conversion method able to simplify the optical system, 
enabling cost reduction, enabling lens design without regard 
as to the object distance and defocus range, and enabling 
image restoration by a high precision processing and in 
addition able to obtain a natural image. 

Means for Solving the Problems 
0027. An imaging apparatus according to a first aspect of 
the present invention includes an imaging element for cap 
turing a dispersed image of an object passing through at least 
an optical system and an optical wavefront modulation 
element, a converting means for generating a dispersion-free 
image signal from a dispersed image signal from the imag 
ing element, and an object distance information generating 
means for generating information corresponding to a dis 
tance up to the object, wherein the converting means gen 
erates the dispersion-free image signal from the dispersed 
image signal based on the information generated by the 
object distance information generating means. 
0028 Preferably, the apparatus further includes a conver 
sion coefficient storing means for storing in advance at least 
two conversion coefficients corresponding to the dispersion 
caused by at least the optical wavefront modulation element 
in accordance with the object distance and a coefficient 
selecting means for selecting a conversion coefficient in 
accordance with a distance up to the object from the con 
version coefficient storing means based on the information 
generated by the object distance information generating 
means, wherein the converting means converts the image 
signal by the conversion coefficient selected by the coeffi 
cient selecting means. 
0029 Preferably, the apparatus further includes a conver 
sion coefficient operation means for processing a conversion 
coefficient based on the information generated by the object 
distance information generating means, wherein the con 
verting means converts the image signal according to the 
conversion coefficient obtained from the conversion coeffi 
cient operation means. 
0030 Preferably, the conversion coefficient operation 
means includes a kernel size as a variable. 

0031 Preferably, the apparatus has a storing means, the 
conversion coefficient operation means stores the found 
conversion coefficient in the storing means, and the con 
verting means converts the image signal according to the 
conversion coefficient stored in the storing means to gener 
ate a dispersion-free image signal. 
0032 Preferably, the converting means performs convo 
lution operation based on the conversion coefficient. 
0033 Preferably, the optical system includes a Zoom 
optical system, the apparatus further has a correction value 
storing means for storing in advance at least one correction 
value in accordance with a Zoom position or Zoom amount 
of the Zoom optical system, a second conversion coefficient 
storing means for storing in advance conversion coefficients 
corresponding to dispersion caused by at least the optical 
wavefront modulation optical element, and a correction 
value selecting means for selecting a correction value in 
accordance with a distance up to the object from the cor 
rection value storing means based on the information gen 
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erated by the object distance information generating means, 
and the converting means converts the image signal accord 
ing to a conversion coefficient obtained from the second 
conversion coefficient storing means and the correction 
value selected from the correction value selecting means. 
0034 Preferably, the correction value stored in the cor 
rection value storing means includes the kernel size. 
0035 An imaging apparatus according to a second aspect 
of the present invention includes an imaging element for 
capturing a dispersed image of an object passing through at 
least a Zoom optical system, a non-Zoom optical system, and 
an optical wavefront modulation element, a converting 
means for generating a dispersion-free image signal from a 
dispersed image signal from the imaging element, and a 
Zoom information generating means for generating informa 
tion corresponding to a Zoom position or Zoom amount of 
the Zoom optical system, wherein the converting means 
generates a dispersion-free image signal from the dispersed 
image signal based on the information generated by the 
Zoom information generating means. 
0036 Preferably, the apparatus further includes a conver 
sion coefficient storing means for storing in advance at least 
two conversion coefficients corresponding to the dispersion 
caused by at least the optical wavefront modulation element 
in accordance with the Zoom position or Zoom amount of the 
Zoom optical system and a coefficient selecting means for 
selecting a conversion coefficient in accordance with the 
Zoom position or Zoom amount of the Zoom optical system 
from the conversion coefficient storing means based on the 
information generated by the Zoom information generating 
means, wherein the converting means converts the image 
signal according to the conversion coefficient selected at the 
coefficient selecting means. 
0037 Preferably, the apparatus further includes a conver 
sion coefficient operation means for processing a conversion 
coefficient based on the information generated by the Zoom 
information generating means, and the converting means 
converts the image signal according to the conversion coef 
ficient obtained from the conversion coefficient operation 
CaS. 

0038 Preferably, the apparatus further includes a correc 
tion value storing means for storing in advance at least one 
correction value in accordance with a Zoom position or 
Zoom amount of the Zoom optical system, a second conver 
sion coefficient storing means for storing in advance con 
version coefficients corresponding to the dispersion caused 
by at least the optical wavefront modulation element, and a 
correction value selecting means for selecting a correction 
value in accordance with the Zoom position or Zoom amount 
of the Zoom optical system from the correction value storing 
means based on the information generated by the Zoom 
information generating means, and the converting means 
converts the image signal according to the conversion coef 
ficient obtained from the second conversion coefficient 
storing means and the correction value selected by the 
correction value selecting means. 
0039) Preferably, the correction value stored in the cor 
rection value storing means includes the kernel size. 
0040 An imaging apparatus according to a third aspect of 
the present invention includes an imaging element for cap 
turing a dispersed image of an object passing through at least 
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an optical system and an optical wavefront modulation 
element, a converting means for converting a dispersed 
image signal from the imaging element to a dispersion-free 
image signal, and an imaging mode setting means for setting 
an imaging mode of the object to be captured, wherein the 
converting means performs a different conversion process 
ing in accordance with the imaging mode set by the imaging 
mode setting means. 
0041) Preferably, the imaging mode includes a normal 
imaging mode and also at least one of a macro imaging 
mode or a distant view imaging mode, when it includes the 
macro imaging mode, the converting means selectively 
executes normal conversion processing in the normal imag 
ing mode and macro conversion processing for reducing 
dispersion at a proximate side in comparison with the 
normal conversion processing in accordance with the imag 
ing mode, and when it includes the distant view imaging 
mode, the converting means selectively executes normal 
conversion processing in the normal imaging mode and 
distant view conversion processing for reducing dispersion 
at a distant side in comparison with the normal conversion 
processing in accordance with the imaging mode. 
0.042 Preferably, the apparatus further includes a conver 
sion coefficient storing means for storing a different conver 
sion coefficient in accordance with each imaging mode set 
by the imaging mode setting means and a conversion 
coefficient extracting means for extracting a conversion 
coefficient from the conversion coefficient storing means in 
accordance with the imaging mode set by the imaging mode 
setting means, wherein the converting means converts the 
image signal according to the conversion coefficient 
obtained from the conversion coefficient extracting means. 
0.043 Preferably, the conversion coefficient storing 
means includes a kernel size as a conversion coefficient. 

0044 Preferably, the imaging mode setting means 
includes an operation Switch for inputting the imaging mode 
and an object distance information generating means for 
generating information corresponding to a distance up to the 
object according to the input information of the operation 
Switch, and the converting means converts the dispersed 
image signal to a dispersion-free image signal based on the 
information generated by the object distance information 
generating means. 
0045 An imaging method according to a fourth aspect of 
the present invention includes a step of capturing a dispersed 
image of an object passing through at least an optical system 
and an optical wavefront modulation element by an imaging 
element, an object distance information generation step of 
generating information corresponding to a distance up to the 
object, and a step of converting the dispersed image signal 
based on the information generated in the object distance 
information generation step and generating a dispersion-free 
image signal. 

0046) An imaging method according to a fifth aspect of 
the present invention includes a step of capturing a dispersed 
image of an object passing through at least a Zoom optical 
system, a non-Zoom optical system, and an optical wave 
front modulation element by an imaging element, a Zoom 
information generation step of generating information cor 
responding to the Zoom position or Zoom amount of the 
Zoom optical system, and a step of converting the dispersed 
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image signal based on the information generated in the Zoom 
information generation step and generating a dispersion-free 
image signal. 

0047 A sixth aspect of the present invention includes an 
imaging mode setting step of Setting an imaging mode of an 
object to be captured, an imaging step of capturing a 
dispersed image of an object passing through at least an 
optical system and an optical wavefront modulation element 
by an imaging element, and a conversion step of generating 
a dispersion-free image signal from a dispersed image signal 
from the imaging element by using a conversion coefficient 
in accordance with the imaging mode set in the imaging 
mode setting step. 

EFFECT OF THE INVENTION 

0048. According to the present invention, there are the 
advantages that the lenses can be designed without regard as 
to the object distance and the defocus range, and the image 
can be restored by convolution or other processing having a 
good precision, and a natural image can be obtained. 

0049 Further, according to the present invention, the 
optical system can be simplified, and the cost can be 
reduced. 

0050. Further, according to the present invention, there 
are the advantages that the lenses can be designed without 
regard as to the Zoom position or Zoom amount, and the 
image can be restored by convolution or other processing 
having a good precision. 

0051. Further, according to the present invention, it is 
possible to obtain a high definition image quality, the optical 
system can be simplified, and the cost can be reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0052 FIG. 1 is a diagram schematically showing the 
configuration of a general imaging lens device and a state of 
light beams. 

0053 FIG. 2A to FIG. 2C are diagrams showing spot 
images on a light receiving Surface of an imaging element of 
the imaging lens device of FIG. 1, in which FIG. 2A is a 
diagram showing a spot image in a case where a focal point 
is deviated by 0.2 mm (defocus=0.2 mm), FIG. 2B is a 
diagram showing a spot image in a case of focus (best 
focus), and FIG. 2C is a diagram showing a spot image in a 
case where the focal point is deviated by 0.2 mm (defocus=- 
0.2 mm). 
0054 FIG. 3 is a block diagram showing the configura 
tion of an imaging apparatus according to a first embodiment 
of the present invention. 

0055 FIG. 4 is a diagram schematically showing an 
example of the configuration of a Zoom optical system of an 
imaging lens device according to the present embodiment. 

0056 FIG. 5 is a diagram showing the spot image on an 
infinite side of a Zoom optical system not including a phase 
plate. 

0057 FIG. 6 is a diagram showing the spot image on a 
proximate side of a Zoom optical system not including a 
phase plate. 
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0.058 FIG. 7 is a diagram showing the spot image on an 
infinite side of a Zoom optical system including a phase 
plate. 

0059 FIG. 8 is a diagram showing the spot image on a 
proximate side of a Zoom optical system including a phase 
plate. 

0060 FIG. 9 is a block diagram showing a concrete 
example of the configuration of an image processing device 
of the first embodiment. 

0061 FIG. 10 is a diagram for explaining a principle of 
the WFCO in the first embodiment. 

0062 FIG. 11 is a flow chart for explaining an operation 
of the first embodiment. 

0063 FIG. 12A to FIG. 12C are diagrams showing spot 
images on the light receiving Surface of an imaging element 
of an imaging lens device according to the present embodi 
ment, in which FIG. 12A is a diagram showing a spot image 
in the case where the focal point is deviated by 0.2 mm 
(defocus=0.2 mm), FIG. 2B is a diagram showing a spot 
image in the case of focus (best focus), and FIG. 2C is a 
diagram showing a spot image in the case where the focal 
point is deviated by 0.2 mm (defocus=-0.2 mm). 
0064 FIGS. 13A and 13B are diagrams for explaining 
MTF of a first order image formed by an imaging lens device 
according to the present embodiment, in which FIG. 13A is 
a diagram showing a spot image on the light receiving 
Surface of an imaging element of an imaging lens device, 
and FIG. 13B shows an MTF characteristic with respect to 
a spatial frequency. 

0065 FIG. 14 is a diagram for explaining MTF correc 
tion processing in an image processing device according to 
the present embodiment. 
0.066 FIG. 15 is a diagram for concretely explaining 
MTF correction processing in an image processing device 
according to the present embodiment. 
0067 FIG. 16 is a block diagram showing the configu 
ration of an imaging apparatus according to a second 
embodiment of the resent invention. 

0068 FIG. 17 is a block diagram showing a concrete 
example of the configuration of an image processing device 
of the second embodiment. 

0069 FIG. 18 is a diagram for explaining the principle of 
the WFCO in the second embodiment. 

0070 FIG. 19 is a flow chart for explaining the operation 
in the second embodiment. 

0071 FIG. 20 is a block diagram showing the configu 
ration of an imaging apparatus according to a third embodi 
ment of the present invention. 
0072 FIG. 21 is a block diagram showing a concrete 
example of the configuration of an image processing device 
of the third embodiment. 

0.073 FIG. 22 is a diagram for explaining the principle of 
the WFCO in the third embodiment. 

0074 FIG. 23 is a flow chart for explaining the operation 
in the third embodiment. 
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0075 FIG. 24 is a block diagram showing the configu 
ration of an imaging apparatus according to a fourth embodi 
ment of the present invention. 
0076 FIG. 25 is a diagram showing an example of the 
configuration of operation Switches according to the fourth 
embodiment. 

0077 FIG. 26 is a block diagram showing a concrete 
example of the configuration of an image processing device 
of the fourth embodiment. 

0078 FIG. 27 is a diagram for explaining the principle of 
the WFCO in the fourth embodiment. 

0079 FIG. 28 is a flow chart for explaining the operation 
in the fourth embodiment. 

DESCRIPTION OF NOTATIONS 

0080 100, 100A to 100C ... imaging apparatuses, 200. 
. . imaging lens device, 211 . . . object side lens, 212 . . . 
imaging lens, 213 . . . wavefront forming optical elements, 
213a . . . phase plate (optical wavefront modulation ele 
ment), 300, 300A to 300C . . . image processing devices, 
301, 301A to 301C . . . convolution devices, 302, 302A to 
302C. . . kernel and/or numerical value operational coeffi 
cient storage registers, 303, 303A to 303C . . . image 
processing computation processors, 400, 400C . . . object 
schematic distance information detection devices, 401 . . . 
operation Switches, 402 . . . imaging mode setting unit, and 
500 . . . Zoom information detection device. 

BEST MODE FOR WORKING THE INVENTION 

0081 Below, embodiments of the present invention will 
be explained with reference to the accompanying drawings. 

First Embodiment 

0082 FIG. 3 is a block diagram showing the configura 
tion of an imaging apparatus according to a first embodiment 
of the present invention. 
0083. An imaging device 100 according to the present 
embodiment has an imaging lens device 200 having a Zoom 
optical system, an image processing device 300, and an 
object schematic distance information detection device 400 
as principal components. 
0084. The imaging lens device 200 has a Zoom optical 
system 210 for optically capturing an image of an imaging 
object (object) OBJ, and an imaging element 220 formed by 
an CCD or CMOS sensor in which the image captured at the 
Zoom optical system 210 is focused and which outputs a 
focused first order image information as a first order image 
signal FIM of an electric signal to the image processing 
device 300. In FIG. 3, the imaging element 220 is described 
as a CCD as an example. 
0085 FIG. 4 is a diagram schematically showing an 
example of the configuration of the optical system of the 
Zoom optical system 210 according to the present embodi 
ment. 

0086) The Zoom optical system 210 of FIG. 4 has an 
object side lens 211 arranged on the object side OBJS, an 
imaging lens 212 for forming an image in the imaging 
element 220, and an optical wavefront modulation element 
(wavefront forming optical element: wavefront coding opti 
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cal element) group 213 arranged between the object side 
lens 211 and the imaging lens 212 and including a phase 
plate (cubic phase plate) deforming the wavefront of the 
image formed on the light receiving Surface of the imaging 
element 220 by the imaging lens 212 and having for example 
a three-dimensional curved Surface. Further, a not shown 
stop is arranged between the object side lens 211 and the 
imaging lens 212. 
0087. Note that, in the present embodiment, an explana 
tion was given of the case where a phase plate was used, but 
the optical wavefront modulation elements of the present 
invention may include any elements So far as they deforms 
the wavefront. They may include optical elements changing 
in thickness (for example, the above-explained third order 
phase plate), optical elements changing in refractive index 
(for example, a refractive index distribution type wavefront 
modulation lens), optical elements changing in thickness 
and refractive index by the coding on the lens surface (for 
example, a wavefront coding hybrid lens), liquid crystal 
devices able to modulate the phase distribution of the light 
(for example, liquid crystal spatial phase modulation 
devices), and other optical wavefront modulation elements. 
0088. The Zoom optical system 210 of FIG. 4 is an 
example of inserting an optical phase plate 213a into a 3x 
Zoom system used in a digital camera. 
0089. The phase plate 213a shown in the figure is an 
optical lens regularly dispersing the light beams converged 
by the optical system. By inserting this phase plate, an image 
not focused anywhere on the imaging element 220 is real 
ized. 

0090. In other words, the phase plate 213a forms light 
beams having a deep depth (playing a central role in the 
image formation) and a flare (blurred portion). 
0091. A means for restoring this regularly dispersed 
image to a focused image by digital processing will be 
referred to as a “wavefront aberration control optical system 
(wavefront coding optical system (WFCO))”. This process 
ing is carried out in the image processing device 300. 
0092 FIG. 5 is a diagram showing a spot image on the 
infinite side of a Zoom optical system 210 not including a 
phase plate. FIG. 6 is a diagram showing a spot image on the 
proximate side of a Zoom optical system 210 not including 
a phase plate. FIG. 7 is a diagram showing a spot image on 
the infinite side of a Zoom optical system 210 including a 
phase plate. FIG. 8 is a diagram showing the spot image on 
the proximate side of a Zoom optical system 210 including 
a phase plate. 
0093 Basically, the spot image of light passing through 
an optical lens system not including a phase plate, as shown 
in FIG. 5 and FIG. 6, differs between the case where the 
object distance thereof is at the proximate side and the case 
where it is at the infinite side. 

0094. In this way, in an optical system having a spot 
image differing according to the object distance, an H 
function explained later is different. 
0.095 Naturally, as shown in FIG. 7 and FIG. 8, a spot 
image passed through the phase plate influenced by this spot 
image also differs between the case where the object position 
is at the proximate side and the case where it is at the infinite 
side. 
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0096. In an optical system having such a spot image 
differing according to the object position, Suitable convolu 
tion processing cannot be performed in a general imaging 
apparatus. Therefore, an optical design eliminating astigma 
tism, coma aberration, spherical aberration, and other aber 
ration is required. However, an optical design for eliminat 
ing these aberrations increases the difficulty of the optical 
design and causes the problems of an increase of the number 
of design processes, a cost increase, and an increase of the 
size of the lenses. 

0097. Therefore, in the first embodiment, as shown in 
FIG. 3, at the point of time when the imaging apparatus 
(camera) 100 enters into the imaging state, the schematic 
distance of the object distance of the object is read out from 
the object Schematic distance information detection device 
400 and supplied to the image processing device 300. 
0098. The image processing device 300 generates a dis 
persion-free image signal from the dispersed image signal 
from the imaging element 220 based on the schematic 
distance information of the object distance of the object read 
out from the object Schematic distance information detection 
device 400. 

0099. The object schematic distance information detec 
tion device 400 may be an AF sensor such as external active 
SSO. 

0.100 Note that, in the present embodiment, “dispersion' 
means the phenomenon where as explained above, inserting 
the phase plate 213a causes the formation of an image note 
focused anywhere on the imaging element 220 and the 
formation of light beams having a deep depth (playing a 
central role in the image formation) and flare (blurred 
portion) by the phase plate 213a and includes the same 
meaning as aberration because of the behavior of the image 
being dispersed and forming a blurred portion. Accordingly, 
in the present embodiment, there also exists a case where 
dispersion is explained as aberration. 
0101 FIG. 9 is a block diagram showing an example of 
the configuration of the image processing device 300 for 
generating a dispersion-free signal from a dispersed image 
signal from the imaging element 220. 
0102) The image processing device 300, as shown in FIG. 
9, has a convolution device 301, a kernel and/or numerical 
value operational coefficient storage register 302, and an 
image processing computation processor 303. 
0103) In this image processing device 300, the image 
processing computation processor 303 obtaining informa 
tion concerning the schematic distance of the object distance 
of the object read out from the object schematic distance 
information detection device 400 stores the kernel size and 
its operational coefficients used in suitable operation with 
respect to the object distance position in the kernel and/or 
numerical value operational coefficient storage register 302 
and performs the Suitable operation at the convolution 
device 301 by using those values for operation to restore the 
1mage. 

0104. Here, the basic principle of the WFCO will be 
explained. 

0105. As shown in FIG. 10, an image f of the object 
enters into the WFCO optical system H, whereby a g image 
is generated. 
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0106 This can be represented by the following equation. 
g=Hf 

0107 Here, * indicates convolution. 

(Equation 1) 

0108. In order to find the object from the generated 
image, the next processing is required. 

0109 Here, the kernel size and operational coefficients 
concerning the function H will be explained. 

(Equation 2) 

0110 Assume that the individual object schematic dis 
tances are AFPn, AFPn-1, ..., and assume the individual 
Zoom positions are Zpn, Zpn-1, . . . . 

0111 Assume that the H functions thereof are Hn, Hn-1, 

0112 The spots are different, therefore the H functions 
become as follows. 

Equation 3 

0113. The difference of the number of rows and/or the 
number of columns of this matrix is referred to as the "kernel 
size’. The numbers are the operational coefficients. 

0114 AS explained above, in the case of an imaging 
apparatus provided with a phase plate as an optical wave 
front modulation element (wavefront coding optical ele 
ment), if within a predetermined focal distance range, a 
Suitable aberration-free image signal can be generated by 
image processing concerning that range, but if out of the 
predetermined focal length range, there is a limit to the 
correction of the image processing, therefore only an object 
out of the above range ends up becoming an image signal 
with aberration. 

0115 Further, on the other hand, by applying image 
processing not causing aberration within a predetermined 
narrow range, it also becomes possible to give blurriness to 
an image out of the predetermined narrow range. 

0116. The present embodiment is configured so as to 
detect the distance up to the main object by the object 
schematic distance information detection device 400 includ 
ing the distance detection sensor and perform processing for 
image correction different in accordance with the detected 
distance. 

0117 The above image processing is carried out by 
convolution operation. In order to accomplish this, for 
example, it is possible to commonly storing one type of 
operational coefficient of the convolution operation, store in 
advance a correction coefficient in accordance with the focal 
length, correct the operational coefficient by using this 
correction coefficient, and perform Suitable convolution pro 
cessing by the corrected operational coefficient. 
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0118. Other than this configuration, it is possible to 
employ the following configurations. 
0119) It is possible to employ a configuration storing in 
advance the kernel size and the operational coefficient itself 
of the convolution in accordance with the focal length and 
perform convolution operation by these stored kernel size 
and operational coefficient, a configuration storing in 
advance the operational coefficient in accordance with a 
focal length as a function, finding the operational coefficient 
by this function according to the focal length, and perform 
ing the convolution operation by the calculated operational 
coefficient, and so on. 
0120 When linked with the configuration of FIG. 9, the 
following configuration can be employed. 

0.121. At least two conversion coefficients corresponding 
to the aberration due to at least the phase plate 213a are 
stored in advance in the register 302 as the conversion 
coefficient storing means in accordance with the object 
distance. The image processing computation processor 303 
functions as the coefficient selecting means for selecting a 
conversion coefficient in accordance with the distance up to 
the object from the register 302 based on the information 
generated by the object schematic distance information 
detection device 400 as the object distance information 
generating means. 
0.122 Then, the convolution device 301 as the converting 
means converts the image signal according to the conversion 
coefficient selected at the image processing computation 
processor 303 as the coefficient selecting means. 
0123. Alternatively, as explained above, the image pro 
cessing computation processor 303 as the conversion coef 
ficient operation means computes the conversion coefficient 
based on the information generated by the object Schematic 
distance information detection device 400 as the object 
distance information generating means by and stores the 
same in the register 302. 
0.124. Then, the convolution device 301 as the converting 
means converts the image signal according to the conversion 
coefficient obtained by the image processing computation 
processor 303 as the conversion coefficient operation and 
stored in the register 302. 
0.125. Alternatively, at least one correction value in accor 
dance with the Zoom position or Zoom amount of the Zoom 
optical system 210 is stored in advance the register 302 as 
the correction value storing means. This correction value 
includes the kernel size of the object aberration image. 
0.126 The register 302, functioning also as the second 
conversion coefficient storing means, stores in advance the 
conversion coefficient corresponding to the aberration due to 
the phase plate 213a. 

0127. Then, based on the distance information generated 
by the object schematic distance information detection 
device 400 as the object distance information generating 
means, the image processing computation processor 303 as 
the correction value selecting means selects the correction 
value in accordance with the distance up to the object from 
the register 302 as the correction value storing means. 
0128. The convolution device 301 as the converting 
means converts the image signal based on the conversion 
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coefficient obtained from the register 302 as the second 
conversion coefficient storing means and the correction 
value selected by the image processing computation proces 
sor 303 as the correction value selecting means. 
0129. Next, the concrete processing of the case where the 
image processing computation processor 303 functions as 
the conversion coefficient operation means will be explained 
with reference to the flow chart of FIG. 11. 

0130. The object schematic distance information detec 
tion device 400 detects the approximate focus position 
(AFP) and supplies the detection information to the image 
processing computation processor 303 (ST1). 
0131 The image processing computation processor 303 
judges whether or not the approximate focus position AFP is 
n (ST2). 
0132) When it is judged at step ST1 that the approximate 
focus position AFP is n, the kernel size and operational 
coefficient where AFP=n are found and stored in the register 
(ST3). 
0.133 When it is judged at step ST1 that the approximate 
focus position AFP is not n, it is judged whether or not the 
approximate focus position AFP is n-1 (ST4). When it is 
judged at step ST4 that the approximate focus position AFP 
is n-1, the kernel size and operational coefficient where 
AFP=n-1 are found and stored in the register (ST5). 
0134. After this, the judgment processing of steps ST2 
and ST4 is carried out for exactly the number of the 
approximate focus positions AFPs which must be divided 
into in terms of performance, and the kernel sizes and the 
operational coefficients are stored in the register. 
0135 The image processing computation processor 303 
transfers the set values to the kernel and/or numerical value 
processing coefficient storage register 302 (ST6). 
0.136 Then, the image data captured at the imaging lens 
device 200 and input to the convolution device 301 is 
processed by convolution operation based on the data stored 
in the register 302, and the processed and converted data 
S302 is transferred to the image processing computation 
processor 303. 
0137 In the present embodiment, the WFCO is employed 
So it is possible to obtain a high definition image quality. In 
addition, the optical system can be simplified, and the cost 
can be reduced. 

0138 Below, these characteristic features will be 
explained. 

0139 FIG. 12A to FIG. 12C show spot images on the 
light reception Surface of the imaging element 220 of the 
imaging lens device 200. 
0140 FIG. 12A is a diagram showing a spot image in the 
case where the focal point is deviated by 0.2 mm (defocus= 
0.2 mm), FIG. 12B is a diagram showing a spot image in the 
case of focus (best focus), and FIG. 12C is a diagram 
showing a spot image in the case where the focal point is 
deviated by 0.2 mm (defocus=-0.2 mm). 
0141. As seen also from FIG. 12A to FIG. 12C, in the 
imaging lens device 200 according to the present embodi 
ment, light beams having a deep depth (playing a central role 
in the image formation) and a flare (blurred portion) are 
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formed by the wavefront forming optical element group 213 
including the phase plate 213a. 
0142. In this way, the first order image FIM formed in the 
imaging lens device 200 of the present embodiment is given 
light beam conditions resulting in deep depth. 
0.143 FIGS. 13A and 13B are diagrams for explaining a 
modulation transfer function (MTF) of the first order image 
formed by the imaging lens device according to the present 
embodiment, in which FIG. 13A is a diagram showing a spot 
image on the light receiving Surface of the imaging element 
of the imaging lens device, and FIG. 13B shows the MTF 
characteristic with respect to the spatial frequency. 
0144. In the present embodiment, the high definition final 
image is left to the correction processing of the latter stage 
image processing device 300 configured by, for example, a 
digital signal processor. Therefore, as shown in FIGS. 13A 
and 13B, the MTF of the first order image essentially 
becomes a very low value. 
0145 The image processing device 300 is configured by 
for example a DSP and, as explained above, receives the first 
order image FIM from the imaging lens device 200, applies 
predetermined correction processing etc. for boosting the 
MTF at the spatial frequency of the first order image, and 
forms a high definition final image FNLIM. 
0146 The MTF correction processing of the image pro 
cessing device 300 performs correction so that, for example 
as indicated by a curve A of FIG. 14, the MTF of the first 
order image which essentially becomes a low value 
approaches (reaches) the characteristic indicated by a curve 
B in FIG. 14 by post-processing such as edge enhancement 
and chroma enhancement by using the spatial frequency as 
a parameter. 

0147 The characteristic indicated by the curve B in FIG. 
14 is the characteristic obtained in the case where the 
wavefront forming optical element is not used and the 
wavefront is not deformed as in for example the present 
embodiment. 

0.148. Note that all corrections in the present embodiment 
are according to the parameter of the spatial frequency. 
0149. In the present embodiment, as shown in FIG. 14, in 
order to achieve the MTF characteristic curve B desired to 
be finally realized with respect to the MTF characteristic 
curve A for the optically obtained spatial frequency, the 
strength of the edge enhancement etc. is adjusted for each 
spatial frequency, to correct the original image (first order 
image). 

0150. For example, in the case of the MTF characteristic 
of FIG. 14, the curve of the edge enhancement with respect 
to the spatial frequency becomes as shown in FIG. 15. 
0151. Namely, by performing the correction by weaken 
ing the edge enhancement on the low frequency side and 
high frequency side within a predetermined bandwidth of 
the spatial frequency and strengthening the edge enhance 
ment in an intermediate frequency Zone, the desired MTF 
characteristic curve B is virtually realized. 
0152. In this way, the imaging apparatus 100 according to 
the embodiment is an image forming system configured by 
the imaging lens device 200 including the optical system 
210 for forming the first order image and the image pro 
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cessing device 300 for forming the first order image to a high 
definition final image, wherein the optical system is newly 
provided with a wavefront forming optical element or is 
provided with a glass, plastic, or other optical element with 
a Surface shaped for wavefront forming use so as to deform 
the wavefront of the image formed, such a wavefront is 
focused onto the imaging Surface (light receiving Surface) of 
the imaging element 220 formed by a CCD or CMOS sensor, 
and the focused first order image is passed through the image 
processing device 300 to obtain the high definition image. 
0153. In the present embodiment, the first order image 
from the imaging lens device 200 is given light beam 
conditions with very deep depth. For this reason, the MTF 
of the first order image inherently becomes a low value, and 
the MTF thereof is corrected by the image processing device 
3OO. 

0154 Here, the process of image formation in the imag 
ing lens device 200 of the present embodiment will be 
considered in terms of wave optics. 
0155. A spherical wave scattered from one point of an 
object point becomes a converged wave after passing 
through the imaging optical system. At that time, when the 
imaging optical system is not an ideal optical system, 
aberration occurs. The wavefront becomes not spherical, but 
a complex shape. Geometric optics and wave optics is 
bridged by wavefront optics. This is convenient in the case 
where a wavefront phenomenon is handled. 
0156 When handling a wave optical MTF on an imaging 
plane, the wavefront information at an exit pupil position of 
the imaging optical system becomes important. 

0157. The MTF is calculated by a Fourier transform of 
the wave optical intensity distribution at the imaging point. 
The wave optical intensity distribution is obtained by squar 
ing the wave optical amplitude distribution. That wave 
optical amplitude distribution is found from a Fourier trans 
form of a pupil function at the exit pupil. 
0158. Further, the pupil function is the wavefront infor 
mation (wavefront aberration) at the exit pupil position, 
therefore if the wavefront aberration can be strictly calcu 
lated as a numerical value through the optical system 210, 
the MTF can be calculated. 

0159. Accordingly, if modifying the wavefront informa 
tion at the exit pupil position by a predetermined technique, 
the MTF value on the imaging plane can be freely changed. 
0160 In the present embodiment as well, the shape of the 
wavefront is mainly changed by a wavefront forming optical 
element. It is truly the phase (length of light path along the 
rays) that is adjusted to form the desired wavefront. 
0161 Then, when forming the target wavefront, the light 
beams from the exit pupil are formed by a dense ray portion 
and a sparse ray portion as seen from the geometric optical 
spot images shown in FIG. 12A to FIG. 12C. 
0162 The MTF of this state of light beams exhibits a low 
value at a position where the spatial frequency is low and 
Somehow maintains the resolution up to the position where 
the spatial frequency is high. 

0163 Namely, if this low MTF value (or, geometric 
optically, the state of the spot image), the phenomenon of 
aliasing will not be caused. 
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0164. That is, a low pass filter is not necessary. 
0.165. Further, the flare-like image causing a drop in the 
MTF value may be eliminated by the image processing 
device 300 configured by the later stage DSP etc. Due to this, 
the MTF value is remarkably improved. 
0166 As explained above, according to the first embodi 
ment, since the apparatus has the imaging lens device 200 
for capturing a dispersed image of an object passing through 
the optical system and the phase plate (optical wavefront 
modulation element), the image processing device 300 for 
generating a dispersion-free image signal from dispersed 
image signal from the imaging element 220, and the object 
schematic distance information detection device 400 for 
generating information corresponding to the distance up to 
the object, and the image processing device 300 generates a 
dispersion-free image signal from the dispersed image signal 
based on the information generated by the object Schematic 
distance information detection device 400, there are the 
advantages that by making the kernel size used at the time 
of the convolution operation and the coefficients used in the 
operation of the numerical values variable, measuring the 
schematic distance of the object distance, and linking the 
kernel size having Suitability in accordance with the object 
distance or the above coefficients, the lenses can be designed 
without regard as to the object distance and defocus range 
and the image can be restored by high precision convolution. 
0.167 Further, the imaging apparatus 100 according to the 
present embodiment can be used for the WFCO of a Zoom 
lens designed considering Small size, light weight, and cost 
in a digital camera, camcorder, or other consumer electronic 
device. 

0.168. Further, in the present embodiment, since the appa 
ratus has the imaging lens device 200 having the wavefront 
forming optical element for deforming the wavefront of the 
image formed on the light receiving Surface of the imaging 
element 220 by the imaging lens 212 and the image pro 
cessing device 300 for receiving the first order image FIM 
from the imaging lens device 200 and applying predeter 
mined correction processing etc. to boost the MTF at the 
spatial frequency of the first order image and form the high 
definition final image FNLIM, there is the advantage that the 
acquisition of a high definition image quality becomes 
possible. 

0169. Further, the configuration of the optical system 210 
of the imaging lens device 200 can be simplified, production 
becomes easy, and the cost can be reduced. 

Second Embodiment 

0170 FIG. 16 is a block diagram showing the configu 
ration of an imaging apparatus according to a second 
embodiment of the present invention. 
0171 An imaging apparatus 100A according to the sec 
ond embodiment has an imaging lens device 200 having a 
Zoom optical system 210, an image processing device 300A, 
and an object schematic distance information detection 
device 400 as principal components. 
0172 Namely, the imaging apparatus 100A according to 
the second embodiment basically has the same configuration 
as that of the imaging apparatus 100 according to the first 
embodiment shown in FIG. 3. 
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0173 The Zoom optical system 210 also has the same 
configuration as the configuration shown in FIG. 4. Further, 
in the image processing device 300A, the means for restor 
ing the regularly dispersed image to a focused image by 
digital processing functions as a “wavefront aberration con 
trol optical system (wavefront coding optical system 
(WFCO))”. 
0174 As explained before, in an optical system having a 
spot image differing according to the object position, in a 
general imaging apparatus, Suitable convolution operation is 
not possible. An optical design eliminating the astigmatism, 
coma aberration, Zoom chromatic aberration, and other 
aberration causing deviation of the spot image is required. 
However, optical design eliminating these aberrations 
increases the difficulty of the optical design and induces 
problems such as an increase of the number of design 
processes, an increase of the costs, and an increase in size of 
the lenses. Further, when designing the optical system to 
correct astigmatism, coma aberration, spherical aberration, 
and other aberration inducing deviation of the spot T image, 
if restoring the image, the image ends up becoming one 
focused over the entire screen. The picture-making required 
for application to a digital camera or camcorder etc., that is, 
a so-called “natural image' where the object desired to be 
captured is in focus, but the background is blurred cannot be 
realized. 

0175. Therefore, in the second embodiment, as shown in 
FIG. 16, at the point of time when the imaging apparatus 
(camera) 100 enters into the imaging state, the schematic 
distance of the object distance of that object is read out from 
the object schematic distance information detection device 
400 and supplied to the image processing device 300A. 
0176) The image processing device 300A, based on the 
schematic distance information of the object distance of the 
object read out from the object Schematic distance informa 
tion detection device 400, generates a dispersion-free image 
signal from the dispersed image signal from the imaging 
element 220. 

0177. The object schematic distance information detec 
tion device 400 may be an AF sensor like an external active 
SSO. 

0178 FIG. 17 is a block diagram showing an example of 
the configuration of the image processing device 300A 
generating a dispersion-free image signal from the dispersed 
image signal from the imaging element 220. 
0179 The image processing device 300A basically has 
the same configuration as that of the image processing 
device 300 of the first embodiment shown in FIG. 4. 

0180 Namely, the image processing device 300A, as 
shown in FIG. 17, has a convolution device 301A, a kernel 
and/or numerical value operational coefficient storage reg 
ister 302A as a storing means, and an image processing 
computation processor 303 A. 

0181. In this image processing device 300A, the image 
processing computation processor 303A obtaining the infor 
mation concerning the schematic distance of the object 
distance of the object read out from the object schematic 
distance information detection device 400 stores the kernel 
size and its operational coefficient used in Suitable operation 
with respect to the object distance position in the kernel 
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and/or numerical value operational coefficient storage reg 
ister 302A, performs suitable operation in the convolution 
device 301A performing operation by using those values, 
and thereby restores the image. 
0182 Here, the basic principle of the WFCO will be 
explained. 

0183) As shown in FIG. 18, when the object to be 
measured is S(x,y) and the weight function causing blurring 
in the measurement (point spread function PSF) is h(x,y), 
the measured observed image f(x,y) is represented by the 
following equation: 

f(x,y)=S(x,y) h(x,y) 

Note, that * represents convolution. 
0.184 The signal recovery in WFCO finds s(x,y) from the 
observed image f(x,y). In order to recover the signal, for 
example, the original image S(x,y) is recovered by perform 
ing the following processing (multiplication) on f(x,y). 

H(x,y)=h(x,y) 

0185. Namely, it can be represented as follows. 

(Equation 4) 

(Equation 5) 

0186 Note that H(x,y) is not limited to the inverse filter 
as described above. Various types of filters for obtaining 
g(x,y) may be used. 
0187 Here, the kernel size and operational coefficients 
concerning H will be explained. 
0188 Assume the object schematic distances FPn, FPn 
1. . . . . Further, assume the H functions with respect to the 
object Schematic distances are Hn, Hn-1, . . . . 
0189 The spot images differ according to the object 
distances. That is, the PSFs used for generating the filter 
differ, therefore the H function of each differs according to 
the object distance. 
0.190 Accordingly, the H functions become as follows. 

th-(, , , ) 
af b cf. 

in-- ea 

Equation 7 

0191). The difference of the number of rows and/or the 
number of columns of this matrix is referred to as the "kernel 
size’. The numbers are the operational coefficients. 
0.192 Here, each H function may be stored in the 
memory. By using the PSF as a function of the object 
distance, using the object distance for calculation, and 
calculating the H function, it is also possible to set the 
system so as to create the optimum filter for any object 
distance. Further, it is also possible to use the H function as 
a function of the object distance and directly find the H 
function by the object distance. 
0193 As explained above, in the case of an imaging 
apparatus provided with a phase plate as an optical wave 
front modulation element, if within a predetermined focal 
distance range, a suitable aberration-free image signal can be 



US 2007/0268376 A1 

generated by image processing concerning that range, but if 
out of the predetermined focal length range, there is a limit 
to the correction of the image processing, therefore only an 
object out of the above range ends up becoming an image 
signal with aberration. 
0194 Further, on the other hand, by applying image 
processing not causing aberration within a predetermined 
narrow range, it also becomes possible to give blurriness to 
an the image out of the predetermined narrow range. 
0.195 The present embodiment is configured to detect the 
distance up to the main object by the object Schematic 
distance information detection device 400 including the 
distance detection sensor and perform processing for image 
correction differing in accordance with the detected dis 
tance. 

0196. The above image processing is carried out by 
convolution operation. In order to accomplish this, for 
example, an operational coefficient in accordance with the 
object distance is stored in advance as a function, the 
operational coefficient is found by this function according to 
the focal length, and the convolution processing is carried 
out by the computed operational coefficient. 
0197). Other than this configuration, it is possible to 
employ the following configurations. 
0198 It is possible to employ a configuration commonly 
storing one type of operational coefficient for convolution 
operation, storing in advance a correction coefficient in 
accordance with the object distance, correcting the opera 
tional coefficient by using this correction coefficient, and 
performing adaptive convolution operation by the corrected 
operational coefficient, a configuration storing in advance 
the kernel size and the operational coefficient per se of 
convolution in accordance with the object distance and 
performing the convolution operation by these stored kernel 
size and operational coefficient, and so on. 
0199 When linking this with the configuration of FIG. 
17, the following configuration can be employed. 
0200 AS explained before, the image processing compu 
tation processor 303A as the conversion coefficient opera 
tion means processes the conversion coefficient based on the 
information generated by the object Schematic distance 
information detection device 400 as the object distance 
information generating means and stores the same in the 
register 302A. 
0201 Then, the convolution device 301A as the convert 
ing means converts the image signal according to the 
conversion coefficient obtained in the image processing 
computation processor 303A as the conversion coefficient 
operation means and stored in the register 302A. 
0202 Next, the concrete processing in the case where the 
image processing computation processor 303A functions as 
the conversion coefficient operation means will be explained 
with reference to the flow chart of FIG. 19. 

0203 The object schematic distance information detec 
tion device 400 detects the approximate focus position (FP) 
and Supplies the detected information to the image process 
ing computation processor 303A (ST11). 
0204 The image processing computation processor 303A 
calculates the H function (kernel size, numerical value 
operational coefficient) from the approximate focus position 
FP (ST12). 
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0205 The calculated kernel size and numerical value 
operational coefficient are stored in the register 302A 
(ST13). 
0206. Then, the image data captured at the imaging lens 
device 200 and input to the convolution device 301A is 
processed by convolution processing based on the data 
stored in the register 302A. The processed and converted 
data S302 is transferred to the image processing computa 
tion processor 303A (ST14). 

0207. The present embodiment employs the WFCO and 
can obtain a high definition image quality. In addition, it is 
possible to simplify the optical system and possible to 
reduce the costs. 

0208. These characteristic features were explained in 
detail in the first embodiment, so the explanation thereof is 
omitted here. 

0209 As explained above, according to the second 
embodiment, since the apparatus has the imaging lens 
device 200 for capturing the dispersed image of an object 
passing through the optical system and the phase plate 
(optical wavefront modulation element), the convolution 
device 301A for generating a dispersion-free image signal 
from a dispersed image signal from the imaging element 
220, the object schematic distance information detection 
device 400 for generating information corresponding to the 
distance up to the object, and the image processing compu 
tation processor 303A for processing the conversion coef 
ficient based on the information generated by the object 
schematic distance information detection device 400 and 
since the convolution device 301A converts the image signal 
according to the conversion coefficient obtained from the 
image processing computation processor 303A and gener 
ates a dispersion-free image signal, there are the advantages 
that by making the kernel size used at the time of the 
convolution operation and the coefficient used in the numeri 
cal value operation variable, measuring the schematic dis 
tance of the object distance, and linking the Suitable kernel 
size in accordance with the object distance and the coeffi 
cient explained above, the lenses can be designed without 
regard as to the object distance and defocus length and the 
image can be restored by high precision convolution. 

0210 Further, there are the advantages that a so-called 
natural image where the image to be captured is in focus, but 
the background is blurred can be obtained without requiring 
optical lenses having a high difficulty, expensive cost, and 
large size and without driving the lenses. 
0211 Further, the imaging apparatus 100A according to 
the second embodiment can be used for the WFCO of a 
Zoom lens designed considering Small size, light weight, and 
cost in a digital camera, camcorder, or other consumer 
electronic device. 

0212. Further, in the second embodiment as well, since 
the apparatus has the imaging lens device 200 having the 
wavefront forming optical element for deforming the wave 
front of the image formed on the light receiving Surface of 
the imaging element 220 by the imaging lens 212 and the 
image processing device 300 for receiving the first order 
image FIM from the imaging lens device 200 and applying 
predetermined correction processing etc. to boost the MTF 
at the spatial frequency of the first order image and form the 
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high definition final image FNLIM, there is the advantage 
that the acquisition of a high definition image quality 
becomes possible. 
0213 Further, the configuration of the optical system 210 
of the imaging lens device 200 can be simplified, production 
becomes easy, and the cost can be reduced. 

Third Embodiment 

0214 FIG. 20 is a block diagram showing the configu 
ration of an imaging apparatus according to a third embodi 
ment of the present invention. 
0215. The difference of an image apparatus 100B accord 
ing to the third embodiment from the imaging apparatuses 
100 and 100A of the first and second embodiments resides 
in the configuration providing a Zoom information detection 
device 500 in place of the object schematic distance infor 
mation detection device 400 and generating a dispersion 
free image signal from dispersed image signal from the 
imaging element 220 based on the Zoom position or Zoom 
amount read out from the Zoom information detection device 
SOO. 

0216) The rest of the configuration is basically the same 
as those of the first and second embodiments. 

0217. Accordingly, the Zoom optical system 210 has the 
same configuration as the configuration shown in FIG. 4. 
0218. Further, the image processing device 300B makes 
the means for restoring the regularly dispersed image to a 
focused image by the digital processing function as a 
“wavefront aberration control optical system (wavefront 
coding optical system (WFCO))”. 
0219. As explained before, in a general imaging appara 
tus, Suitable convolution operation is not possible. An opti 
cal design eliminating the astigmatism, coma aberration, 
Zoom chromatic aberration, and other aberration causing 
deviation of the spot image is required. However, optical 
design eliminating these aberrations increases the difficulty 
of the optical design and induces problems such as an 
increase of the number of design processes, an increase of 
the costs, and an increase in size of the lenses. 
0220. Therefore, in the present embodiment, as shown in 
FIG. 20, at the point of time when the imaging apparatus 
(camera) 100B enters into the imaging state, the Zoom 
position or Zoom amount thereof is read out from the Zoom 
information detection device 500 and supplied to the image 
processing device 300B. 
0221) The image processing device 300B generates a 
dispersion-free image signal from a dispersed image signal 
from the imaging element 220 based on the Zoom position 
or Zoom amount read out from the Zoom information detec 
tion device 500. 

0222 FIG. 21 is a block diagram showing an example of 
the configuration of the image processing device 300B 
generating a dispersion-free image signal from a dispersed 
image signal from the imaging element 220. 
0223 The image processing device 300B, as shown in 
FIG. 21, has a convolution device 301B, a kernel and/or 
numerical value operational coefficient storage register 
302B, and an image processing computation processor 
3O3B. 
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0224. In this image processing device BOOB, the image 
processing computation processor 303B obtaining informa 
tion concerning the Zoom position or Zoom amount read out 
from the Zoom information detection device 500 stores the 
kernel size and its operational coefficient used in Suitable 
operation with respect to the Zoom position in the kernel 
and/or numerical value operational coefficient storage reg 
ister 302B and performs suitable operation at the convolu 
tion device 301A performing the operation by using those 
values so as to restore the image. 
0225. Here, the basic principle of the WFCO will be 
explained. 

0226. As shown in FIG. 22, by the image f of the object 
entering into the optical system H of the WFCO optical 
system H, the g image is generated. 
0227. This can be represented by the following equation: 

g=Hf (Equation 8) 

Here, the * represents convolution. 
0228. In order to find the object from the generated 
image, the following processing is required. 

f H*g 

0229 Here, the kernel size and operational coefficient 
concerning the function H will be explained. 

(Equation 9) 

0230. The individual Zoom positions are defined as Zpn, 
Zpn-1. . . . . 

0231. The H functions thereof are defined as Hn, Hn-1, 

0232 The spots are different, therefore the H functions 
become as follows. 

th=(, , , ) 
af b cf. 

in-- ea 

Equation 10 

0233. The difference of the number of rows and/or the 
number of columns of this matrix is referred to as the "kernel 
size’. The numbers are the operational coefficients. 
0234. As explained above, when using a phase plate as 
the optical wavefront modulation optical element in an 
imaging apparatus provided in a Zoom optical system, the 
generated spot image differs according to the Zoom position 
of the Zoom optical system. For this reason, when perform 
ing the convolution operation of a focal point deviated 
image (spot image) obtained by the phase plate in a later 
DSP etc., in order to obtain the suitable focused image, 
convolution operation differing in accordance with the Zoom 
position becomes necessary. 

0235. Therefore, the present embodiment is configured 
provided with the Zoom information detection device 500, 
performing the Suitable convolution operation in accordance 
with the Zoom position, and obtaining the Suitable focused 
image without regard as to the Zoom position. 



US 2007/0268376 A1 

0236. For suitable convolution operation in the image 
processing device 300B, it is possible to configure the 
system to commonly store one type of operational coeffi 
cient of convolution in the register 302B. 
0237 Other than this configuration, it is also possible to 
employ the following configurations. 
0238. It is possible to employ a configuration storing in 
advance a correction coefficient in the register 302B in 
accordance with each Zoom position, correcting the opera 
tional coefficient by using this correction coefficient, and 
performing the Suitable convolution operation by the cor 
rected operational coefficient, a configuration storing in 
advance the kernel size and the operational coefficient perse 
of the convolution in the register 302B in accordance with 
each Zoom position and performing the convolution opera 
tion by these stored kernel size and operational coefficient, 
a configuration storing in advance the operational coefficient 
in accordance with the Zoom position as a function in the 
register 302B, finding the operational coefficient by this 
function according to the Zoom position, and performing the 
convolution operation by the computed operational coeffi 
cient, and so on. 
0239 When linking this with the configuration of FIG. 
21, the following configuration can be employed. 
0240. At least at least two conversion coefficients corre 
sponding to aberrations caused by the phase plate 213a in 
accordance with the Zoom position or Zoom amount of the 
Zoom optical system 210 shown in FIG. 4 are stored in 
advance in the register 302B as the conversion coefficient 
storing means. The image processing computation processor 
303B functions as the coefficient selecting means for select 
ing the conversion coefficient in accordance with the Zoom 
position or Zoom amount of the Zoom optical system 210 
from the register 302B based on the information generated 
by the Zoom information detection device 500 as the Zoom 
information generating means. 
0241 Further, the convolution device 301B as the con 
verting means converts the image signal according to the 
conversion coefficient selected at the image processing 
computation processor 303B as the coefficient selecting 
CaS. 

0242 Alternatively, as explained before, the image pro 
cessing computation processor 303B as the conversion coef 
ficient operation means processes the conversion coefficient 
based on the information generated by the Zoom information 
detection device 500 as the Zoom information generating 
means and stores the same in the register 302B. 
0243 Then, the convolution device 301B as the convert 
ing means converts the image signal according to the 
conversion coefficient obtained in the image processing 
computation processor 303B as the conversion coefficient 
operation means and stored in the register 302B. 
0244 Alternatively, at least one correction value in accor 
dance with the Zoom position or Zoom amount of the Zoom 
optical system 210 is stored in advance in the register 302B 
as the correction value storing means. This correction value 
includes the kernel size of the object aberration image. 
0245. The register 302B functioning also as the second 
conversion coefficient storing means stores in advance a 
conversion coefficient corresponding to the aberration due to 
the phase plate 213a. 
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0246 Then, based on the Zoom information generated by 
the Zoom information detection device 500 as the Zoom 
information generating means, the image processing com 
putation processor 303B as the correction value selecting 
means selects the correction value in accordance with the 
Zoom position or Zoom amount from the register 302 as the 
correction value storing means. 
0247 The convolution device 301B as the converting 
means converts the image signal based on the conversion 
coefficient obtained from the register 302B as the second 
conversion coefficient storing means and the correction 
value selected by the image processing computation proces 
sor 303B as the correction value selecting means. 
0248 Next, the concrete processing in the case where the 
image processing computation processor 303B functions as 
a conversion coefficient operation means will be explained 
with reference to the flow chart of FIG. 23. 

0249 Along with the Zoom operation of the Zoom optical 
system 210, the Zoom information detection device 500 
detects the Zoom position (ZP) and supplies the detected 
information to the image processing computation processor 
303B (ST21). 
0250) The image processing computation processor 303B 
performs the judgment of whether or not the Zoom position 
ZP is n (ST22). 

0251 When it is judged at step ST22 that the Zoom 
position ZP is n, the kernel size where ZP=n and the 
operational coefficient are found and stored in the register 
(ST23). 
0252) When it is judged at step ST22 that the Zoom 
position ZP is not n, the judgment of whether or not the 
Zoom position ZP is n-1 is carried out (ST24). 

0253) When it is judged at step ST24 that the Zoom 
position ZP is n-1, the kernel size where ZP=n-1 and the 
operational coefficient are found and stored in the register 
(ST25). 
0254. After this, the judgment processing of steps ST22 
and ST24 is carried out for exactly the number of Zoom 
positions ZP which must be divided into in terms of perfor 
mance, and the kernel size and operational coefficients are 
stored in the register. 
0255 The image processing computation processor 303B 
transfers the set values to the kernel and/or numerical value 
operational coefficient storage register 302B (ST26). 

0256 Then, the image data captured at the imaging lens 
device 200 and input to the convolution device 301B is 
processed by convolution operation based on the data stored 
in the register 302B, and the processed and converted data 
S302 is transferred to the image processing computation 
processor 303B (ST27). 

0257) The third embodiment employs the WFCO and can 
obtain a high definition image quality. In addition, it is 
possible to simplify the optical system and possible to 
reduce the costs. 

0258. These characteristic features were explained in 
detail in the first embodiment, so the explanation thereof is 
omitted here. 
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0259. As explained above, according to the third embodi 
ment, since the apparatus has the imaging lens device 200 
for capturing the dispersed image of an object passing 
through the Zoom optical system, non-Zoom optical system, 
and the phase plate (optical wavefront modulation element), 
the image processing device 300B for generating a disper 
Sion-free image signal from a dispersed image signal from 
the imaging element 220, and the Zoom information detec 
tion device 500 for generating the information correspond 
ing to the Zoom position or Zoom amount of the Zoom optical 
system and since the image processing device 300B gener 
ates a dispersion-free image signal from the dispersed image 
signal based on the information generated by the Zoom 
information detection device 500, by making the kernel size 
used at the time of the convolution operation and the 
coefficients used in the numerical value operation thereof 
variable and linking the suitable kernel size by the Zoom 
information of the Zoom optical system 210 and the coef 
ficients explained above, the lenses can be designed without 
regard as to the Zoom position and the image can be restored 
by high precision convolution. Accordingly, there are the 
advantages that the provision of a focused image becomes 
possible without requiring optical lenses having a high 
difficulty, expensive cost, and large size and without driving 
the lenses. 

0260 Further, it is possible to use the imaging apparatus 
103B according to the third embodiment in the WFCO of a 
Zoom lens designed considering Small size, lightweight, and 
cost in a digital camera, camcorder, or other consumer 
electronic device. 

0261) Further, in the third embodiment, since the appa 
ratus has the imaging-lens device 200 having the wavefront 
forming optical element for deforming the wavefront of the 
image formed on the light receiving Surface of the imaging 
element 220 by the imaging lens 212 and the image pro 
cessing device 300 applying the predetermined correction 
processing etc. for boosting the MTF in the spatial frequency 
of the first order image and forming the high definition final 
image FNLIM, there is the advantage that the acquisition of 
a high definition image quality becomes possible. 
0262 Further, the configuration of the optical system 210 
of the imaging lens device 200 can be simplified, production 
becomes easy, and the cost can be reduced. 

Fourth Embodiment 

0263 FIG. 24 is a block diagram showing the configu 
ration of an imaging apparatus according to a fourth embodi 
ment of the present invention. 
0264. The difference of an imaging apparatus 100C 
according to the fourth embodiment from the imaging 
apparatuses 100 and 100A of the first and second embodi 
ments resides in the configuration forming an imaging mode 
setup portion 402 including operation switches 401 in addi 
tion to the object Schematic distance information detection 
device 400C and generating a dispersion-free image signal 
from the dispersed image signal from the imaging element 
220 based on the schematic distance information of the 
object distance of the object in accordance with the imaging 
mode. 

0265. The rest of the configuration is basically the same 
as those of the first and second embodiments. 
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0266. Accordingly, the Zoom optical system 210 has the 
same configuration as the configuration shown in FIG. 4. 

0267 Further, an image processing device 300C makes 
the means for restoring the regularly dispersed image to a 
focused image by the digital processing function as a 
“wavefront aberration control optical system (wavefront 
coding optical system (WFCO))”. 

0268. The imaging apparatus 100C of the fourth embodi 
ment has a plurality of imaging modes, for example, a macro 
imaging mode (proximate) and the distant view imaging 
mode (infinitely distant) other than the normal imaging 
mode (portrait) and is configured so that these imaging 
modes can be selected and input by the operation Switches 
401 of the imaging mode setup portion 402. 
0269. The operation switches 401 include for example 
selection switches 401a, 401b, and 401c provided on the 
bottom side of a liquid crystal screen 403 on the back surface 
of the camera (imaging apparatus) as shown in FIG. 25. 

0270. The selection switch 401a is a switch for selecting 
and inputting the distant view imaging mode (infinitely 
distant), the selection switch 401b is a switch for selecting 
and inputting the normal imaging mode (portrait), and the 
selection Switch 401c is a Switch for selecting and inputting 
the macro imaging mode (proximate). 

0271 Note that the switching method of the mode, other 
than the method using switches as in FIG. 25, may be a touch 
panel method, and the mode for Switching the object dis 
tance from the menu screen may be selected. 

0272. The object schematic distance information detec 
tion device 400C as the object distance information gener 
ating means generates the information corresponding to the 
distance up to the object according to the input information 
of the operation Switches and Supplies the same as a signal 
S400 to the image processing device 300C. 
0273. The image processing device 300C performs pro 
cessing for converting a dispersed image signal from the 
imaging element 220 of the imaging lens device 200 to a 
dispersion-free image signal. At this time, it receives the 
signal S400 from the object schematic distance information 
detection device 400C and performs different conversion 
processing in accordance with the set imaging mode. 

0274 For example, the image processing device 300C 
selectively executes normal conversion processing in the 
normal imaging mode, macro conversion processing corre 
sponding to the macro imaging mode for reducing the 
aberration on the proximate side in comparison with this 
normal conversion processing, and distant view conversion 
processing corresponding to the distant view imaging mode 
for reducing the aberration on the distant side in comparison 
with the normal conversion processing in accordance with 
the imaging mode. 

0275. As explained before, in an optical system having a 
spot image differing according to the object position, in a 
general imaging apparatus, Suitable convolution operation is 
not possible. An optical design eliminating the astigmatism, 
coma aberration, Zoom chromatic aberration, and other 
aberration causing deviation of the spot image is required. 
However, optical design eliminating these aberrations 
increases the difficulty of the optical design and induces 
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problems such as an increase of the number of design 
processes, an increase of the costs, and an increase in size of 
the lenses. 

0276 Further, when designing the optical system to cor 
rect astigmatism, coma aberration, spherical aberration, and 
other aberration inducing deviation of the spot image, if 
restoring the image, the image ends up becoming one 
focused over the entire screen. The picture-making required 
for application to a digital camera or camcorder etc., that is, 
a so-called “natural image' where the object desired to be 
captured is in focus, but the background is blurred cannot be 
realized. 

0277. Therefore, in the fourth embodiment, as shown in 
FIG. 24, at the point of time when the imaging apparatus 
(camera) 100 enters into the imaging state, the schematic 
distance of the object distance of the object in accordance 
with the imaging mode (the normal imaging mode, the 
distant view imaging mode, or the macro imaging mode in 
the case of the present embodiment) selected and input at the 
operation switches 401 is read out from the object schematic 
distance information detection device 400C as the signal 
S400 and supplied to the image processing device 300C. 
0278. The image processing device 300C, as explained 
before, generates a dispersion-free image signal from the 
dispersed image signal from the imaging element 220 based 
on the schematic distance information of the object distance 
of the object read out from the object schematic distance 
information detection device 400C. 

0279 FIG. 26 is a block diagram showing an example of 
the configuration of the image processing device 300C 
generating a dispersion-free image signal from the dispersed 
image signal from the imaging element 220. 
0280 The image processing device 300C, as shown in 
FIG. 26, has a convolution device 301C, a kernel and/or 
operational coefficient storage register 302C as a storing 
means, and an image processing computation processor 
3O3C. 

0281. In this image processing device 300C, the image 
processing computation processor 303C obtaining the infor 
mation concerning the schematic distance of the object 
distance of the object read out from the object schematic 
distance information detection device 400C stores the kernel 
size and its operational coefficients used in the Suitable 
operation with respect to the object distance position in the 
kernel and/or numerical value operation coefficient storage 
register 302C and performs the suitable operation at the 
convolution device 301C for performing operation using 
those values to restore the image. 
0282. Here, although there are overlapping portions, the 
basic principle of the WFCO will be explained. 
0283 As shown in FIG. 27, when the measured object is 
S(x,y) and the weight function causing blurring in the 
measurement (point spread function PSF) is h(x,y), the 
measured observed image f(x,y) is represented by the fol 
lowing equation. 

f(x,y)=S(x,y) h(x,y) 

Note that * represents convolution. 
0284. The signal recovery at the WFCO finds s(x,y) from 
the observed image f(x,y). In order to perform the signal 

(Equation 11) 
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recovery, for example the original image S(x,y) is recovered 
by performing the following processing (multiplication) on 

0285 Namely, it can be represented as follows. 
(Equation 12) 

0286 Note that H(x,y) is not limited to the inverse filter 
as described above. Various types of filters for obtaining 
g(x,y) may be used. 

0287 Here, the kernel size and operational coefficients 
concerning H will be explained. 

0288 The object schematic distances are defined as FPn, 
FPn-1,.... Further, the H functions for the object schematic 
distances are defined as Hn, Hn-1, . . . . Each spot image 
differs according to the object distance. That is, the PSF used 
for generating the filter is different, therefore each H func 
tion differs according to the object distance. 

0289. Accordingly, the H functions become as follows. 

th=(, , , ) 
af b cf. 

th-i- ea 

Equation 14 

0290 The difference of the number of rows and/or the 
number of columns of this matrix is referred to as the "kernel 
size’. The numbers are the operational coefficients. 

0291 Here, each H function may be stored in the 
memory. By using the PSF as a function of the object 
distance, using the object distance for calculation, and 
calculating the H function, it is also possible to set the 
system so as to create the optimum filter for any object 
distance. Further, it is also possible to use the H function as 
a function of the object distance and directly find the H 
function by the object distance. 

0292. As explained above, in the case of an imaging 
apparatus provided with a phase plate as an optical wave 
front modulation element, if within a predetermined focal 
distance range, a suitable aberration-free image signal can be 
generated by image processing concerning that range, but if 
out of the predetermined focal length range, there is a limit 
to the correction of the image processing, therefore only an 
object out of the above range ends up becoming an image 
signal with aberration. 

0293. Further, on the other hand, by applying image 
processing not causing aberration within a predetermined 
narrow range, it also becomes possible to give blurriness to 
an the image out of the predetermined narrow range. 

0294 The present embodiment is configured to detect the 
distance up to the main object by the object Schematic 
distance information detection device 400C including the 
distance detection sensor and perform processing for image 
correction differing in accordance with the detected dis 
tance. 
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0295) The above image processing is carried out by 
convolution operation. In order to accomplish this, it is 
possible to employ a configuration commonly storing one 
type of operational coefficient of convolution operation, 
storing in advance a correction coefficient in accordance 
with the object distance, correcting the operational coeffi 
cient by using this correction coefficient, and performing the 
adaptive convolution operation with the corrected opera 
tional coefficient, a configuration storing in advance an 
operational coefficient in accordance with the object dis 
tance as a function, finding the operational coefficient by this 
function according to the focal length, and performing the 
convolution operation with the computed operational coef 
ficient, and a configuration storing in advance the kernel size 
and the operational coefficient per se of convolution and 
performing the convolution operation by these stored kernel 
size and operational coefficient, and so on. 

0296. In the present embodiment, as explained above, the 
image processing is changed in accordance with the mode 
setting of the DSC (portrait, infinitely distant (scene), and 
macro). 
0297 When linking this with the configuration of FIG. 
26, the following configuration can be employed. 

0298 As explained before, a conversion coefficient dif 
fering in accordance with each imaging mode set by the 
imaging mode setup portion 402 through the image process 
ing computation processor 303C as the conversion coeffi 
cient operation means is stored in the register 302C as the 
conversion coefficient storing means. 
0299 The image processing computation processor 303C 
extracts the conversion coefficient from the register 302 as 
the conversion coefficient storing means based on the infor 
mation generated by the object Schematic distance informa 
tion detection device 400C as the object distance informa 
tion generating means in accordance with the imaging mode 
set by the operation Switches 401 of the imaging mode setup 
portion 402. At this time, for example the image processing 
computation processor 303C functions as a conversion coef 
ficient extracting means. 

0300 Further, the convolution device 301C as the con 
verting means performs the conversion processing in accor 
dance with the imaging mode of the image signal according 
to the conversion coefficient stored in the register 302C. 

0301 Next, the concrete processing in the case where the 
image processing computation processor 303C functions as 
the conversion coefficient operation means will be explained 
with reference to the flow chart of FIG. 28. 

0302) The object schematic distance information detec 
tion device 400C, in accordance with the imaging mode set 
by the operation Switches 401 of the imaging mode setup 
portion 402, detects the approximate focus position (FP) by 
the object schematic distance information detection device 
400C as the object distance information generating means 
and Supplies the detected information to the image process 
ing computation processor 303C (ST31). 

0303. The image processing computation processor 303C 
stores the kernel size and/or numerical value operational 
coefficient from the approximate focus position FP in the 
register 302C (ST32). 
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0304. Then, the image data captured by the imaging lens 
device 200 and input to the convolution device 301C is 
processed by convolution operation based on the data stored 
in the register 302C, and the processed and converted data 
S302 is transferred to the image processing computation 
processor 303C (ST33). 
0305 The above image conversion processing basically 
includes an imaging mode setup step of setting up an 
imaging mode of the object to be captured, an imaging step 
of capturing a dispersed image of an object passing through 
at least an optical system and a phase plate at the imaging 
element, and a conversion step of generating a dispersion 
free image signal from a dispersed image signal from the 
imaging element by using a conversion coefficient in accor 
dance with the imaging mode set in the imaging mode setup 
step. 

0306 Note that the imaging mode setup step of setting up 
the imaging mode and the imaging step of capturing the 
dispersed image of an object at the imaging element may be 
either before or after the time of processing. Namely, the 
imaging mode setup mode may be before the imaging step, 
and the imaging mode setup step may be after the imaging 
step. 

0307 The present embodiment employs the WFCO and 
can obtain a high definition image quality. In addition, it is 
possible to simplify the optical system and possible to 
reduce the costs. 

0308 These characteristic features were explained in 
detail in the first embodiment, so the explanation thereof is 
omitted here. 

0309 As explained above, according to the fourth 
embodiment, since the apparatus has the imaging lens 
device 200 for capturing the object aberration image passing 
through the optical system and the phase plate (optical 
wavefront modulation element), the image processing 
device 300C for generating a dispersion-free image signal 
from a dispersed image signal from the imaging element 
220, and the imaging mode setup portion 402 for setting up 
the imaging mode of the object to be captured and since the 
image processing device 300C performs conversion pro 
cessing differing in accordance with the imaging mode set 
by the imaging mode setup portion 402, there are the 
advantages that the lenses can be designed without regard as 
to the object distance and defocus range and it becomes 
possible to restore the image by high precision convolution 
by making the kernel size used at the time of the convolution 
operation and the coefficients used in the numerical value 
operation thereof variable, determining the schematic dis 
tance of the object distance by the input of the operation 
Switches etc., and linking the Suitable kernel size in accor 
dance with that object distance and the coefficients 
explained above. 
0310. Further, there are the advantages that a so-called 
natural image where the image to be captured is in focus, but 
the background is blurred can be obtained without requiring 
optical lenses having a high difficulty, expensive cost, and 
large size and without driving the lenses. 
0311 Further, the imaging apparatus 100C according to 
the fourth embodiment can be used for the WFCO of a Zoom 
lens designed considering Small size, light weight, and cost 
in a digital camera, camcorder, or other consumer electronic 
device. 
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0312 Note that, in the fourth embodiment, the explana 
tion was given by taking as an example the case where the 
macro imaging mode and the distant view imaging mode 
were provided other than the normal imaging mode as the 
imaging modes, but various aspects are possible. For 
example, either the macro imaging mode or the distant view 
imaging mode may be provided, or a further finer mode may 
be set. 

0313 Further, in the fourth embodiment as well, since the 
apparatus has with the imaging lens device 200 having the 
wavefront forming optical element for deforming the wave 
front of the image formed on the light receiving Surface of 
the imaging element 220 by the imaging lens 212 and the 
image processing device 300 for receiving the first order 
image FIM from the imaging lens device 200 and applying 
predetermined correction processing etc. to boost the MTF 
at the spatial frequency of the first order image and form the 
high definition final image FNLIM, there is the advantage 
that the acquisition of a high definition image quality 
becomes possible. 
0314 Further, the configuration of the optical system 210 
of the imaging lens device 200 can be simplified, production 
becomes easy, and the cost can be reduced. 
0315. When using a CCD or CMOS sensor as the imag 
ing element, there is a resolution limit determined from the 
pixel pitch. When the resolution of the optical system is over 
that limit resolution power, the phenomenon of aliasing is 
generated and exerts an adverse influence upon the final 
image. This is a known fact. 
0316 For the improvement of the image quality, desir 
ably the contrast is raised as much as possible, but this 
requires a high performance lens system. 

0317 However, as explained above, when using a CCD 
or CMOS sensor as the imaging element, aliasing occurs. 
0318. At present, in order to avoid the occurrence of 
aliasing, the imaging lens system jointly uses a low pass 
filter made of a uniaxial crystalline system to thereby avoid 
the phenomenon of the aliasing. 
0319. The joint usage of the low pass filter in this way is 
correct in terms of principle, but the low pass filter perse is 
made of crystal, therefore is expensive and hard to manage. 
Further, there is the disadvantage that the optical system is 
more complicated due to the use in the optical system. 
0320. As described above, a higher definition image 
quality is demanded as a trend of the times. In order to form 
a high definition image, the optical system in a general 
imaging lens device must be made more complicated. If it is 
complicated, production becomes difficult. Also, the utili 
Zation of the expensive low pass filters leads to an increase 
in the cost. 

0321) However, according to the present embodiment, 
the occurrence of the phenomenon of aliasing can be 
avoided without using a low pass filter, and it becomes 
possible to obtain a high definition image quality 

0322 Note that, in the present embodiment, the example 
of arranging the wavefront forming optical element of the 
optical system 210 on the object side from the stop was 
shown, but functional effects the same as those described 
above can be obtained even by arranging the wavefront 
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forming optical element at a position the same as the 
position of the stop or on the focus lens side from the stop. 
0323 Further, the lenses configuring the optical system 
210 are not limited to the example of FIG. 4. In the present 
invention, various aspects are possible. 

INDUSTRIAL APPLICABILITY 

0324. The present imaging apparatus and imaging 
method and image conversion method enables lens design 
without regard as to the object distance and defocus range 
and enables image restoration by high precision operation, 
therefore can be applied to a digital still camera, a camera 
mounted in a mobile-phone, a camera mounted in a digital 
personal assistant, and so on. 

1. An imaging apparatus comprising: 
an imaging element for capturing a dispersed image of an 

object passing through at least an optical system and an 
optical wavefront modulation element, a converting 
means for generating a dispersion-free image signal 
from a dispersed image signal from the imaging ele 
ment, and 

an object distance information generating means for gen 
erating information corresponding to a distance up to 
the object, wherein 

the converting means generates the dispersion-free image 
signal from the dispersed image signal based on the 
information generated by the object distance informa 
tion generating means. 

2. An imaging apparatus as set forth in claim 1, further 
comprising 

a conversion coefficient storing means for storing in 
advance at least two conversion coefficients corre 
sponding to the dispersion caused by at least the optical 
wavefront modulation element in accordance with the 
object distance and 

a coefficient selecting means for selecting a conversion 
coefficient in accordance with a distance up to the 
object from the conversion coefficient storing means 
based on the information generated by the object dis 
tance information generating means, wherein 

the converting means converts the image signal by the 
conversion coefficient selected by the coefficient select 
ing means. 

3. An imaging apparatus as set forth in claim 1, further 
comprising 

a conversion coefficient operation means for processing a 
conversion coefficient based on the information gener 
ated by the object distance information generating 
means, wherein 

the converting means converts the image signal according 
to the conversion coefficient obtained from the conver 
sion coefficient operation means. 

4. An imaging apparatus as set forth in claim 3, wherein 
the conversion coefficient operation means includes a kernel 
size as a variable. 

5. An imaging apparatus as set forth in claim 3, wherein 
the apparatus has a storing means, 
the conversion coefficient operation means stores the 

found conversion coefficient in the storing means, and 
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the converting means converts the image signal according 
to the conversion coefficient stored in the storing means 
to generate a dispersion-free image signal. 

6. An imaging apparatus as set forth in claim 3, wherein 
the converting means performs convolution operation based 
on the conversion coefficient. 

7. An imaging apparatus as set forth in claim 1, wherein 
the optical system includes a Zoom optical system, 
the apparatus further comprises 

a correction value storing means for storing in advance at 
least one correction value in accordance with a Zoom 
position or Zoom amount of the Zoom optical system, 

a second conversion coefficient storing means for storing 
in advance conversion coefficients corresponding to 
dispersion caused by at least the optical wavefront 
modulation optical element, and 

a correction value selecting means for selecting a correc 
tion value in accordance with a distance up to the object 
from the correction value storing means based on the 
information generated by the object distance informa 
tion generating means, and the converting means con 
verts the image signal according to a conversion coef 
ficient obtained from the second conversion coefficient 
storing means and the correction value selected from 
the correction value selecting means. 

8. An imaging apparatus as set forth in claim 7, wherein 
the correction value stored in the correction value storing 
means includes the kernel size. 

9. An imaging apparatus comprising: 

an imaging element for capturing a dispersed image of an 
object passing through at least a Zoom optical system, 
a non-Zoom optical system, and an optical wavefront 
modulation element, 

a converting means for generating a dispersion-free image 
signal from a dispersed image signal from the imaging 
element, and 

a Zoom information generating means for generating 
information corresponding to a Zoom position or Zoom 
amount of the Zoom optical system, wherein 

the converting means generates a dispersion-free image 
signal from the dispersed image signal based on the 
information generated by the Zoom information gener 
ating means. 

10. An imaging apparatus as set forth in claim 9, further 
comprising 

a conversion coefficient storing means for storing in 
advance at least two conversion coefficients corre 
sponding to the dispersion caused by at least the optical 
wavefront modulation element in accordance with the 
Zoom position or Zoom amount of the Zoom optical 
system and 

a coefficient selecting means for selecting a conversion 
coefficient in accordance with the Zoom position or 
Zoom amount of the Zoom optical system from the 
conversion coefficient storing means based on the 
information generated by the Zoom information gener 
ating means, wherein 
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the converting means converts the image signal according 
to the conversion coefficient selected at the coefficient 
Selecting means. 

11. An imaging apparatus as set forth in claim 9, further 
comprising 

a conversion coefficient operation means for processing a 
conversion coefficient based on the information gener 
ated by the Zoom information generating means, and 

the converting means converts the image signal according 
to the conversion coefficient obtained from the conver 
sion coefficient operation means. 

12. An imaging apparatus as set forth in claim 9, further 
comprising 

a correction value storing means for storing in advance at 
least one correction value in accordance with a Zoom 
position or Zoom amount of the Zoom optical system, 

a second conversion coefficient storing means for storing 
in advance conversion coefficients corresponding to the 
dispersion caused by at least the optical wavefront 
modulation element, and 

a correction value selecting means for selecting a correc 
tion value in accordance with the Zoom position or 
Zoom amount of the Zoom optical system from the 
correction value storing means based on the informa 
tion generated by the Zoom information generating 
means, and 

the converting means converts the image signal according 
to the conversion coefficient obtained from the second 
conversion coefficient storing means and the correction 
value selected by the correction value selecting means. 

13. An imaging apparatus as set forth in claim 12, wherein 
the correction value stored in the correction value storing 
means includes the kernel size. 

14. An imaging apparatus comprising 
an imaging element for capturing a dispersed image of an 

object passing through at least an optical system and an 
optical wavefront modulation element, a converting 
means for converting a dispersed image signal from the 
imaging element to a dispersion-free image signal, and 

an imaging mode setting means for setting an imaging 
mode of the object to be captured, wherein 

the converting means performs a different conversion 
processing in accordance with the imaging mode set by 
the imaging mode setting means. 

15. An imaging apparatus as set forth in claim 14, wherein 
the imaging mode includes a normal imaging mode and 

also at least one of a macro imaging mode or a distant 
View imaging mode, 

when it includes the macro imaging mode, the converting 
means selectively executes normal conversion process 
ing in the normal imaging mode and macro conversion 
processing for reducing dispersion at a proximate side 
in comparison with the normal conversion processing 
in accordance with the imaging mode, and 

when it includes the distant view imaging mode, the 
converting means selectively executes normal conver 
sion processing in the normal imaging mode and distant 
view conversion processing for reducing dispersion at 
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a distant side in comparison with the normal conversion 
processing in accordance with the imaging mode. 

16. An imaging apparatus as set forth in claim 14, further 
comprising 

a conversion coefficient storing means for storing a dif 
ferent conversion coefficient in accordance with each 
imaging mode set by the imaging mode setting means 
and 

a conversion coefficient extracting means for extracting a 
conversion coefficient from the conversion coefficient 
storing means in accordance with the imaging mode set 
by the imaging mode setting means, wherein 

the converting means converts the image signal according 
to the conversion coefficient obtained from the conver 
sion coefficient extracting means. 

17. An imaging apparatus as set forth in claim 16, wherein 
the conversion coefficient storing means includes a kernel 
size as a conversion coefficient. 

18. An imaging apparatus as set forth in claim 14, wherein 
the imaging mode setting means includes 
an operation Switch for inputting the imaging mode and 

an object distance information generating means for 
generating information corresponding to a distance up 
to the object according to the input information of the 
operation Switch, and 

the converting means converts the dispersed image signal 
to a dispersion-free image signal based on the infor 
mation generated by the object distance information 
generating means. 

19. An imaging method comprising: 
a step of capturing a dispersed image of an object passing 

through at least an optical system and an optical 
wavefront modulation element by an imaging element, 
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an object distance information generation step of gener 
ating information corresponding to a distance up to the 
object, and 

a step of converting the dispersed image signal based on 
the information generated in the object distance infor 
mation generation step and generating a dispersion-free 
image signal. 

20. An imaging method comprising: 
a step of capturing a dispersed image of an object passing 

through at least a Zoom optical system, a non-Zoom 
optical system, and an optical wavefront modulation 
element by an imaging element, 

a Zoom information generation step of generating infor 
mation corresponding to the Zoom position or Zoom 
amount of the Zoom optical system, and 

a step of converting the dispersed image signal based on 
the information generated in the Zoom information 
generation step and generating a dispersion-free image 
signal. 

21. An image conversion method comprising: 
an imaging mode setting step of setting an imaging mode 

of an object to be captured, 
an imaging step of capturing a dispersed image of an 

object passing through at least an optical system and an 
optical wavefront modulation element by an imaging 
element, and 

a conversion step of generating a dispersion-free image 
signal from a dispersed image signal from the imaging 
element by using a conversion coefficient in accordance 
with the imaging mode set in the imaging mode setting 
step. 


